Introduction
There have been considerable advances in the understanding of plasma cholesterol and triglyceride metabolism and the lipoprotein particles which transport these important lipids. Epidemiological evidence linking plasma cholesterol to coronary heart disease (CHD) risk has been strengthened by the findings of the prospective part ofthe Multiple Risk Factor Intervention study.' Furthermore, the study of populations with plasma cholzsterol concentrations much below those seen in Western industrialized societies has pointed to a continuous gradient of CHD risk with increasing plasma cholesterol. 2 The value of measurement of individual plasma lipoproteins in defining CHD risk more closely is now well established. Low density lipoprotein (LDL) cholesterol, is the major transporter of plasma cholesterol, and largely accounts for the relationship between total cholesterol and CHD. 3 In contrast, high density lipoprotein (HDL), the other major cholesterolrich lipoprotein, is inversely related to CHD. 4 The role of plasma triglyceride as an independent risk factor for CHD remains controversial,' although there is no doubt of the atherogenicity of some triglyceride-rich lipoproteins, namely chylomicron remnant particles and intermediate density lipoproteins (IDL). Very high concentrations of plasma triglycerides, reflecting the accumulation of chylomicrons which transport exogenous fat from the intestine, are associated with risk of pancreatitis.
Justification for attributing a causal role for LDL cholesterol in atherosclerosis has received considerable support from the outcome of both primary and secondary CHD prevention trials employing lipid modifying therapy.6'7 Although indirect evidence also points to the benefits of increasing plasma HDL concentrations and decreasing plasma triglyceride concentration, the bulk of evidence implicates LDL as the major atherogenic particle. Recent angiographic studies suggest that radical alteration of plasma lipids and lipoproteins by lifestyle, pharmacological and surgical measures can retard the progression of atherosclerotic lesions, delay the appearance of new lesions and in some patients lead to lesion regression8'-2 (Table I) .
Advances in the cell and molecular biology of lipoprotein cell interactions have provided new insights into the mechanisms ofatherosclerosis and much is now known about the regulation ofplasma lipoprotein levels. The central role of the liver in these processes has been identified. The seminal work of Goldstein and Brown,'3 which identified the LDL receptor pathway, provided the foundation for major advances in this field. This work has not only enabled the identification of genetic abnormalities underlying some of the primary hyperlipidaemias but also has led to an understanding of the mechanism of action of some lipid-modifying drugs and the logical development of new therapeutic agents.
Various consensus committees have reviewed recent developments and have furnished guidelines for optimal lipid and lipoprotein concentrations for the population as a whole in an attempt to (applicable when total triglyceride < 4.5 mmol/l).
Measurements are best performed in hospital chemical pathology departments. Care is required in venepuncture techniques as prolonged venous occlusion may increase cholesterol concentrations significantly. Posture also affects cholesterol levels with a significant fall on sitting and a further fall on lying down. It is recommended therefore that blood should be taken with minimal venous occlusion after the subject has been sitting for 10 minutes. Office-based machines employing dry chemistry technology have a role in screening as long as the instrument operator has received proper training and appropriate quality assurance is performed. However, it is inappropriate to make management decisions based solely on these tests.
In high risk groups it is advisable to perform a full fasting profile in the first instance as abnormalities of triglyceride and HDL cholesterol concentrations may otherwise be missed. Long-term plans should not be made without at least two measurements. An important practice point is that many intercurrent illnesses, including acute myocardial infarction and operative procedures, may depress plasma cholesterol levels and lead to falsely low readings. Some patients with hyperlipidaemia will require tests beyond the scope of routine laboratories. These are available in specialist lipid centres.20
Diagnosis of hyperlipidaemia
Once significant hyperlipidaemia has been identified it is important to diagnose the cause where possible. It is convenient to determine whether hyperlipidaemia is secondary to other conditions or is a primary abnormality. The principal secondary causes are shown in Table II . Diagnosis will require attention to clinical symptoms and signs and additional biochemical tests such as blood glucose, thyroid function, renal and liver function should be performed routinely.
If secondary causes are excluded it is presumed that a primary hyperlipidaemia is present. As knowledge of the metabolic and genetic abnormalities underlying these conditions has accumulated it has become possible to classify lipid disorders by genotype as opposed to laboratory phenotype. There is no doubt that lipoprotein phenotyping introduced in the early 1970s and adopted by the WHO2' gave a major impetus to the understanding of the hyperlipidaemias. However, this was a laboratory classification and has obvious drawbacks in the sense that it does not point to aetiology; for example, type Ila hyperlipidaemia (increased LDL cholesterol) can be the result of hypothyroidism or familial hypercholesterolaemia. For convenience the different lipoprotein phenotypes are shown in Table III which lists the more common primary hyperlipidaemias. Diagnosis requires consideration of the clinical symptoms and signs, family history of CHD and hyperlipidaemia, and laboratory assessment. This diagnostic process is important as primary disorders are associated with varying prognoses and differing treatments.
Treatment
The main aim of treatment in the majority of hyperlipidaemic patients is to reduce the risk of development of premature vascular disease (primary prevention) or the occurrence of further vascular events in those with clinical vascular disease (secondary prevention). Treatment is indicated in individuals with severe hypertriglyceridaemia primarily to prevent pancreatitis.
It cannot be overemphasized that treatment of hyperlipidaemia in the context ofCHD prevention, either primary or secondary, should be part of the management of overall vascular risk. It is well established from prospective studies that risk factors interact to multiply the risk of CHD. It is therefore mandatory not to regard a particular CHD risk factor in isolation and attention should be given to the modification, where possible, of other coexisting factors in each patient, particularly smoking and raised blood pressure. The treatment of secondary hyperlipidaemia involves attention to the underlying cause (see Table II ). However, in certain secondary causes of dyslipidaemia, particularly diabetes mellitus and renal disease, significant lipid abnormalities may persist despite best endeavours at management of the primary disorder. The risk ofvascular disease is high in these individuals and specific lipid-lowering therapy may be indicated. A detailed discussion of the treatment of these patients is beyond the scope of this article and the reader is referred to recent reviews of the topic.22 '23 The goals of therapy in terms ofplasma lipid and lipoprotein concentrations differ according to whether primary or secondary prevention is the objective. In the former context a total cholesterol < 5.2 mmol/l and LDL cholesterol < 4.1 mmol/l are appropriate. In patients with clinical vascular disease data from regression studies suggest that lower target values are necessary. It has been suggested and is the view of the authors that in this important patient group the appropriate target LDL cholesterol concentration should be <3.4 mmol/l.`7
Lifestyle measures
The cornerstones of treatment of hyperlipidaemia are nutritional and other lifestyle measures. These measures are often successful in individuals with moderate polygenic hyperlipidaemia where hypolipidaemic drug therapy is seldom indicated. Lifestyle management should include advice on weight reduction in the obese, reduction of excessive alcohol consumption, cessation of smoking and the encouragement of appropriate physical activity. In addition to the overall reduction of calories where appropriate, dietary intake of fat is reduced to no more than 30% of total calories. Dietary saturated fat raises plasma cholesterol levels and potentiates the hypercholesterolaemic effect of dietary cholesterol. It is therefore important to reduce the saturated fat content of the diet to less than 10% of calories and the dietary intake ofcholesterol below 300 mg/day'6 (see Table IV ).
Nutritional counselling should be individualized where possible and success is more likely where counselling of the patient together with the patient's partner is undertaken. The provision of adequate dietetic support, particularly in the primary care situation, remains a problem and the delivery of appropriate nutritional and lifestyle counselling will require optimum use of the limited profes- 
Lipid-modifying drugs
It is convenient to consider these agents under three main categories; drugs which lower plasma cholesterol alone, drugs which lower both plasma cholesterol and triglyceride, and drugs which lower plasma triglyceride alone. A detailed review of the mechanisms ofaction ofhypolipidaemic agents has been published recently.24
Drugs which lower plasma cholesterol alone Anion-exchange resins These compounds which have been available for clinical use for over 20 years are non-absorbable basic anion-exchange resins which are hydrophilic but insoluble in water. After oral administration the resins bind to bile acids in the intestine preventing their reabsorption. In response more bile acids are synthesized by the liver from cholesterol, which is acquired from the plasma through increased LDL receptor activity. Cholesterol synthesis is also increased which partially offsets the cholesterollowering effect ofresins. Nevertheless, in compliant patients these drugs can reduce LDL cholesterol levels by 20-30%, with a slight increase in HDL cholesterol. Plasma triglycerides actually increase with resin therapy, however.
Currently two resins are available, cholestyramine and colestipol. They are in granular form and need to be mixed with water or other fluid prior to ingestion. Compliance can be a problem as the resins are not only inconvenient to take but produce gastrointestinal side effects of bloating, flatulence and constipation. These side effects can be ameliorated by a low dosage regimen of one sachet twice daily. Resins may interfere with the absorption of other drugs and there is a theoretical risk of malabsorption of fat-soluble vitamins but clinically this is rarely a problem. Folate levels should be monitored in pregnant women and in children.
Probucol
Probucol is a lipophilic bis-phenol compound structurally unrelated to the other lipid-lowering drugs. It produces moderate reductions in plasma cholesterol (15%) and its maximal effect may take up to 3 months to occur. Probucol reduces HDL cholesterol as well as LDL cholesterol and for this reason has not been considered as first-line therapy. However, clinically, probucol is associated with mobilization of tissue cholesterol from skin and tendon xanthomata.
There is increasing interest in the role of oxidized LDL in atherogenesis. Probucol has antioxidant effects which in vitro and in animal studies inhibit LDL oxidation and atherogenesis.25 However, there is as yet no evidence in man of an antiatherogenic effect of the drug.
Probucol is generally well tolerated. Prolongation of the Q-T interval on the electrocardiogram has been described but the clinical significance of this is unclear. The drug accumulates in adipose tissue and may persist for many weeks after the last dose. For this reason the drug should be stopped in women at least 6 months prior to attempted conception.
Drugs which lower plasma cholesterol and triglyceride
Fibric acid derivatives Several fibrates are available for clinical use in Britain: bezafibrate, ciprofibrate, fenofibrate and gemfibrozil. On the whole these agents are more effective than the parent compound, clofibrate, which is now obsolete owing to the associated increased risk of gallstones. The exact mode(s) of action of the fibrates remain to be determined but the main effect is to stimulate clearance of triglyceride-rich lipoproteins.
The major effect of fibrate drugs is to reduce plasma triglyceride levels (; 50% In pharmacological doses nicotinic acid (3-6 g/ day) lowers plasma cholesterol and plasma triglyceride and increases HDL cholesterol. The mechanism of action of the drug is not fully understood. It is unlikely that the welldemonstrated inhibition of the breakdown of adipose tissue triglyceride fully explains its effect.
Nicotinic acid is poorly tolerated because of flushing and gastrointestinal symptoms; these can be overcome to a certain extent by starting the drug in low dosage. Tachyphylaxis to the flush develops but is lost ifa dose is missed. The flush appears to be prostaglandin mediated as it is partly blocked by aspirin. Other side effects include a pruritic rash and hyperpigmentation. Nicotinic acid may exacerbate gout and glucose intolerance and produce abnormalities of liver function. Two nicotinic acid analogues, acipimox and nicofuranole, Bradilan, are available for clinical use in the UK. These agents are generally better tolerated than nicotinic acid, both in terms of symptoms and metabolic side effects, and acipimox does not impair glucose tolerance. The analogues are not as effective in modifying plasma lipid levels as nicotinic acid itself.28
HMG-CoA reductase inhibitors
The introduction ofthis new, exciting class ofdrugs into clinical practice represents a major advance in the therapy of hyperlipidaemia.29 There are currently two members of this class available in the UK, pravastatin and simvastatin. These agents are specific competitive inhibitors of the microsomal enzyme HMG-CoA reductase which catalyses the conversion of HMG-CoA to mevalonate, a major rate-determining step in cholesterol synthesis. They are very potent inhibitors of the enzyme with K, values ranging from 0.2 to 2.2 x 10-9 M compared to the Km of the natural substrate which is 4 x 1O0-M. The liver is the major organ for catabolism of LDL and the activity of specific hepatic receptors which bind and take up LDL largely determines plasma LDL concentrations. The inhibition of hepatic cholesterol synthesis by these drugs stimulates the expression of LDL receptors resulting in increased uptake of LDL and a reduction in its plasma concentration. LDL production is also decreased. Very low density lipoprotein (VLDL) is catabolised by the enzyme lipoprotein lipase resulting in VLDL remnants which can either be taken up by hepatic LDL receptors or further catabolised to LDL. Increased LDL receptor activity as a result of HMG-CoA reductase inhibition will therefore result in increased direct hepatic uptake of VLDL remnants and consequent decreased conversion to LDL.
As expected from their mode of action, these drugs have a major impact on plasma cholesterol levels through the reduction of LDL cholesterol. This effect is dose-dependent and maximal after 4 weeks of therapy. Reductions of 30-40% in plasma LDL cholesterol are commonly achieved. M'odest reductions in plasma triglycerides (10-20%) are also observed together with a small increase in HDL. The reduction in LDLcholesterol is paralleled by a reduction in apoprotein B, the major protein component of LDL.
The HMG-CoA reductase inhibitors are convenient to take as once-daily dosage and are generally well tolerated with few adverse effects. Unlike triparanol, an inhibitor of cholesterol synthesis on trial in the 1960s, there is no evidence of any deleterious effects ofthe HMG-CoA inhibitors on the lens. Rarely, elevated liver transaminases are observed but these abnormalities are rapidly reversible when the drugs are discontinued. Potentially the most important side effect is myositis with marked elevation of plasma creatine kinase. Most of the reported cases have been in patients taking the drugs with other agents particularly cyclosporine, nicotinic acid and gemfibrozil or in patients with significant hepatic disease. The frequency of myositis is very rare.
There is no evidence of clinically significant effects of the drugs on other products of the cholesterol synthetic pathway such as steroid hormones, ubiquinones and dolichols.
Drugs which lower plasma triglyceride alone Omega-3fatty acids Omega-3 fatty acids when taken in large amounts appear to reduce hepatic VLDL synthesis. Maxepa (a preparation containing eicosapentaenoic acid and decosahexaenoic acid) is licenced in the UK and is useful for the treatment of severe hypertriglyceridaemia. In the recommended dosage (10 g/ day) Maxepa does not reduce plasma cholesterol concentrations and in more modest hypertriglyceridaemia LDL concentrations may even increase with treatment.
When to use drugs and which drugs to use
Lipid-lowering drug therapy should not be undertaken lightly as therapy is usually lifelong and its risk/benefit ratio should be carefully considered. The important clinical question is does the anticipated benefit of drug therapy in terms of reduction of CHD risk outweigh the imposition of long-term drug therapy with the potential for unpredicted adverse effects? Drug therapy should be reserved for those patients at high risk where lifestyle measures have failed to result in acceptable plasma lipid levels. In general terms, those patients with clinical vascular disease, those with severe hyperlipidaemias (familial hypercholesterolaemia, familial combined hyperlipidaemia and remnant particle disease) and those with other major risk factors are more likely to require drug therapy. A guide to priorities for therapy is given in Table V. The choice of hypolipidaemic drug will depend mainly upon the nature and severity of the lipid disorder to be treated, as shown in Table VI . For isolated moderate hypercholesterolaemia first line agents would be the anion exchange resins. In this situation relatively small doses of the resins will be effective. Fibrates can be tried if patients are intolerant of resins. In severe hypercholesterolaemia due to increased LDL cholesterol, as seen in familial hypercholesterolaemia, the HMG-CoA reductase inhibitors are effective first line agents. Despite their excellent efficacy in reducing LDL cholesterol (Z 30-40%) the LDL concentration may not reach acceptable levels because of the very high pretreatment value. In this situation concomitant low dose resin therapy will have additional benefit.
In children and women of child-bearing age resins are very useful agents because they are not absorbed. Women treated with other lipidlowering drugs should be advised to stop the medication prior to conception. More information is required on pharmacological therapy of children with heterozygous familial hypercholesterolaemia. Until more is known, resins remain the drugs of choice in this situation.
In the patient with raised cholesterol and triglycerides where the predominant abnormality is hypercholesterolaemia, the fibrates can be used as first line agents. In some patients cholesterol may remain high despite a satisfactory reduction in plasma triglyceride. The addition of low dose resin therapy is a useful option here. The HMG-CoA reductase inhibitors are also useful in these patients as single therapy. However, plasma triglycerides Severe hyperlipidaemia is defined as a serum cholesterol > 7.8 or fasting triglyceride >4.5 mmol/l, especially if they occur together or are accompanied by an HDL cholesterol < I mmol/l. Resin = cholestyramine or colestipol; Fibrate = bezafibrate, ciprofibrate, fenofibrate, gemfibrozil; Statin (HMG-CoA reductase inhibitor) = pravastatin, simvastatin; NA (nicotinic acid or derivative) = acipimox; N = normal. may remain high. The addition of a fibrate or nicotinic acid to a statin to reduce plasma triglycerides in these patients cannot be generally recommended because of the potential for adverse reactions, particularly myositis.
Fibrates remain the treatment of first choice in remnant particle disease (type III). In addition, there are favourable reports of the use of HMGCoA reductase inhibitors in this condition. Resins aggravate the hypertriglyceridaemia and are contraindicated.
Pharmacological treatment of isolated moderate hypertriglyceridaemia remains controversial. However, some patient groups may be considered for drug therapy iflifestyle measures are ineffective, including patients with known CHD, familial combined hyperlipidaemia, familial hypertriglyceridaemia, a family history of CHD, remnant particle disease, diabetes mellitus and a low HDLcholesterol. 30 Fibrates and nicotinic acid or its derivatives are the drugs of choice for isolated hypertriglyceridaemia. LDL cholesterol tends to be low in these subjects and may rise with fibrate therapy in some individuals. For this reason, LDL concentrations should be monitored.
Fibrates are the first line treatment for severe hypertriglyceridaemia with chylomicronaemia. Omega-3 fatty acids may also be useful in this situation and can be used in conjunction with fibrates. Nicotinic acid or its derivatives can also be usefully added to fibrate therapy.
In chylomicronaemia of childhood due to lipoprotein lipase deficiency or apoprotein C-II deficiency, no pharmacological treatment is available. However, the very low fat diet necessary in these individuals may be supplemented by medium chain triglycerides to improve tolerability.
Monitoring drug therapy
The response to lipid-lowering drug therapy is not always predictable and plasma lipid and lipoprotein concentrations should be monitored to ensure adequate response. If one fibrate is ineffective another member of the fibrate class can be tried. The response to HMG-CoA reductase inhibitors is more predictable and the majority of patients will show the expected response. Failure to respond to resins usually indicates poor compliance. 
Overall mortality
It is generally accepted that primary prevention trials of cholesterol-lowering reduce the risk of non-fatal and fatal CHD.37 However, concern has been expressed in some quarters that these trials have failed to show a reduction in total mortality. Further, the potential adverse effects of lipidlowering therapy in increasing non-cardiac deaths has been emphasized by some authors.38'39 It should be remembered that these trials have not had the statistical power to answer the question as to whether or not cholesterol-lowering alters total mortality. It is highly unlikely that a trial with such statistical power will ever be carried out because of the cost. For the time being the apparent increase in non-cardiovascular mortality observed in some drug trials remains unexplained and needs to be investigated further before its clinical significance can be assessed. The variety of drugs used, some of them now obsolete, the very wide range ofcauses of non-CHD death and the lack of increase in the latter when cholesterol was lowered in diet trials renders a single causal mechanism most unlikely. In the meantime responsible use of cholesterollowering drugs in diet-resistant patients with CHD or at high risk of developing CHD remains good clinical practice.
The elderly
The gradient of risk between plasma cholesterol levels and CHD risk is less steep in the elderly. However, the number of CHD events is much greater and the risk attributable to cholesterol is therefore high. Currently there is a view that primary prevention with hypolipidaemic agents should not be undertaken after the age of 65. Trials beginning in the United States of lipid-lowering in the elderly will help to clarify the position with regard to this increasing sector of the population.
Women
Premenopausal women are at lower risk of CHD than men and the major trials of lipid-lowering therapy have been confined to men. More research is needed in more clearly defining individual risk in women, particularly as caution is required with the prescription of most hypolipidaemic drugs if pregnancy is likely.
In postmenopausal women the risk of CHD increases steeply, possibly related to increasing plasma LDL cholesterol levels. Changes in plasma lipoprotein concentrations are ameliorated by hormone replacement therapy. More information is required on the effects of combined hormone therapy (progestogen and oestrogen) on vascular risk and on whether the progestogen, necessary for the prevention of endometrial hyperplasia, reduces the benefit conferred by the oestrogen.
Children
Children from families carrying the gene for familial hypercholesterolaemia (FH) should be screened for the presence of hypercholesterolaemia at an early age. It is generally accepted that a low-fat, low-cholesterol diet can be prescribed after the age of 5 years. However, more information is needed on the safety of systemically active hypolipidaemic drug therapy in children. In FH families where the clinical onset of CHD is early it may be necessary to prescribe drug therapy in children but most physicians would wait until after puberty.
Summary
There is considerable evidence to suggest that the identification and treatment of dyslipidaemia will reduce the risk of premature CHD, i.e. before the age of 65. Diagnosis of the cause of raised plasma lipid levels will enable appropriate decisions to be taken with regard to management. The cornerstone of treatment is nutritional counselling and attention to other major risk factors for CHD, particularly smoking and hypertension. For a small percentage of patients with severe hyperlipidaemia drug therapy is indicated. Appropriate drug choices need to be made based on the particular lipid abnormality to be treated. In general those patients with clinical vascular disease are treated more aggressively than those where the aim is primary prevention. More research is needed to determine individual risk more precisely and to allow proper targeting of therapy. Genetic factors, qualitative changes in lipoproteins, lipoprotein (a), fibrinogen, and other coagulation and thrombotic factors are likely to be important in individual risk assessment.
There is no doubt that more information is needed from prospective studies of lipid-lowering therapy in terms of risk benefit for affected individuals. Hopefully the major studies currently underway will fill some of the gaps in our knowledge. Until then aggressive therapy with drugs should be reserved for those at highest risk where the benefit is likely to be greatest.
